Purpose To investigate the effects of male aging on sperm quality and sperm DNA fragmentation. Methods The ejaculates of 320 unselected men attending a fertility clinic and, as a control, 84 normozoospermic men without any history of ART were analyzed according to WHO guidelines. Sperm DNA fragmentation was measured by flow cytometry after staining with propidiumiodide. Results The patients were divided into four groups: <30 years, 30-35 years, 36-39 years and ≥40 years. Sperm motility decreased with increasing age whereas sperm concentration, morphology, and DNA fragmentation fluctuated throughout the four groups both among patients and among controls. However, we could not detect any significant correlation between male age and conventional semen parameters or sperm DNA fragmentation, respectively, neither in the patients' group nor among the controls. This also applies to a classification of patients and controls into only two age groups with a cut-off point at 35 years. Conclusions Our findings suggest that neither the routinely assessed semen parameters nor the amount of spermatozoa with fragmented DNA are affected by male age.
Introduction
The developed countries are currently witnessing an increase in maternal and paternal ages at the time of first parenthood. In Germany, the percentage of mothers older than 35 years nearly doubled from 9.9% in 1990 to 18 .1% in the year 2000. The corresponding figures for fathers are also noticeable (23.1% in 1990 vs. 38.5% in 2001). Among couples undergoing treatment by assisted reproductive technologies (ART), fathers are significantly older compared with those not needing ART (36.6 vs. 33.5 years) [1] . Whereas it is well-established that women >35 years of age bear a higher risk of conceiving genetically abnormal offsprings [2] [3] [4] [5] [6] [7] , a correlation with paternal age is still at issue. For instance, Sloter et al. [8] have shown that advancing male age is associated with a gradual and significant increase in the risk of fathering children with various chromosomal defects. In contrast, Luetjens et al. [9] did not find a significantly higher risk of producing chromosomally abnormal offsprings for men of advanced age.
Sperm concentration, motility, and morphology are the most important parameters assessed by conventional semen analyses. It is evident that these variables describe only visible features of spermatozoa and do not allow any prediction on the genetic constitution of the male gamete, i.e., the integrity of its DNA. An intact DNA is necessary for the correct transmission of genetic material to the next generation [10] . DNA fragmentation could result in an early arrest in embryonic development or even prevent fertilization [11] .
In view of the observed increase in paternal age, substantial interest exists in studying effects of aging on semen quality and sperm DNA damage and elucidating possible correlations between these parameters. Here, we present our results for a group of 320 patients and 84 control subjects undergoing standard analysis of sperm concentration, motility, and morphology. Sperm DNA fragmentation (expressed as DNA fragmentation index = DFI) has been measured by flow cytometry after propidium iodide staining. To our knowledge, this is the first report using a modification of the so-called Nicoletti assay [12] for evaluating sperm DNA damage.
Materials and methods

Patients and controls
A total of 320 unselected patients consulting our IVF and Urological Center were included in this study. These patients neither had any infections or antibiotic treatment during the past 3 months nor did they undergo x-ray or chemotherapy during the past 6 months. As controls we recruited 84 normozoospermic men without any history of ART, also without any infections or antibiotic treatment during the past 3 months or x-ray or chemotherapy during the past 6 months.
Semen analysis
The samples were collected by masturbation after a period of 3-5 days of sexual abstinence. An aliquot of 1 ml was taken from each sample after liquefaction to determine the DFI. The semen parameters were analyzed according to WHO guidelines [13] . Sperm concentration and motility were determined with a Makler chamber at 200× magnification. Sperm morphology was analyzed after staining with Neo-methylenblue and Kresylvioletacetat at 1,000× magnification. Seventeen patients displayed such a marginal concentration that it was not possible to determine motility or morphology (e.g. just 56 sperms within the whole Makler chamber). Therefore only 303 patients were taken into account for the calculations concerning the semen parameters.
DNA fragmentation
The DFI was measured by staining the sample with propidiumiodide (PI) as published before by Nicoletti [12] with some modifications in order to adjust the assay to spermatozoa. Briefly, the samples were washed and centrifuged twice with PBS and the supernatant was discarded. The samples were then stained with 1:1 solution of Na-Citrate and Triton×100 containing 25 µl of a 10% PI solution. After staining, the samples were incubated at 4°C for 16-24 h and analyzed by flow cytometry. We used a FC 500 series flow cytometer system by Beckman Coulter.
Statistical analysis
The results were analyzed using the students T-test.
Results
A total of 320 semen samples from infertile patients were analyzed regarding the semen parameters and the DFI. The age of the patients ranged from 24 to 56 with a mean of 36.62 years. The results of our study were allocated to four age groups: The results of the analysis of the semen parameters and the DFI of these four groups are presented in Table 1 . In a second step the patients were split into two age groups, the first up to 35 years with 132 patients and 31.48 years in average, and the second one 36 years and older with 188 patients and a mean of 40.23 years. The data for these two groups are also shown in Table 1 .
No statistical significance was demonstrable between any of the age groups of the patients. The correlations between the age of the patients and their semen parameters was very weak. The same applies to the correlation between the age of the patients and the DFI, as shown in Table 2 and graphically illustrated in Fig. 1 .
When splitting the patients into a group of normozoospermic men (NORMO) and a group of men with at least one impaired conventional semen parameter (SubFertile= SF), the two groups were significantly different from each other, concerning the semen parameters and the DFI (with p<0.000001 in each case), whereas the age distribution showed no statistically significant difference. The results for the NORMO and the SF group are shown in Table 3 . No statistically significant differences were observed within the NORMO group. Within the SF group the DFI of men aged 36-39 years and of men aged 40 years and older was significantly different (p<0.05), as well as the motility of the youngest group compared to the 30-35 and the 36-39 group (p<0.05) and to the 40 years and older group (p<0.01). We also calculated the correlations between age and semen parameters and the DFI within these two groups, but as shown in Table 2 , the relationships were very weak.
In the control collective the distribution into the four groups was as follows:
We only detected statistically significant differences between the two younger age groups regarding sperm motility and between the youngest and the eldest group concerning the DFI, as can be seen in Table 4 . In the control group, the correlations between age and semen parameters or the DFI were also weak ( Table 2) .
Discussion
Sperm DNA damage has been attributed to a variety of intra-and extratesticular factors [14] . Probably the most important is the production of reactive oxygen species (ROS) which is excited, for example, by excessive stress, competitive sports, alcohol and drug abuse or nicotine. If produced in abundance, ROS can enter the cell nucleus, bind to the DNA and cause its fragmentation [15] [16] [17] [18] [19] [20] . However, DNA fragmentation is also a feature of physiological processes like apoptosis and necrosis. For instance, during spermatogenesis apoptosis controls the amount of spermatogonia one Sertoli cell has to feed [11, 21, 22] .
Several techniques are currently available that assess sperm DNA damage directly or indirectly by evaluating sperm chromatin compaction [14] . The most common tests are the sperm chromatin structure assay (SCSA), the Comet assay and the TUNEL assay. The SCSA measures the susceptibility of sperm DNA to denaturation, whereas the other two assess DNA strand breaks [14] . These methods have already been used to assess whether male age influences the semen parameters or the DFI but the studies revealed partially different results. Singh et al. [23] found by means of the Comet assay that male age may predispose for DNA double strand breaks. In contrast Schmid et al. [24] , using the same method, reported that male age only influences single strand breaks. However, single strand breaks do not have any influence on Fig. 1 Scatter graph illustrating the associations between age and DNA-fragmentation (r=0.06, p<0.05) fertilization, because they can be repaired by the oocyte. Two further studies based on the TUNEL assay provided more coherent results. Both groups reported that male aging affects the chromatin integrity of spermatozoa, but only in infertile populations [25, 26] . The modified Nicoletti assay, used in our study, is based on the long incubation time of 16-24 h, during which the DNA fragments diffuse to the extracellular medium, since the plasma membrane has been perforated by Triton-X and Na-citrate. Subsequently the amount of DNA inside the cells can be detected by flow cytometry. All cells with minor fluorescence intensity (which means minor content of DNA) are counted as DNA fragmented.
A multitude of studies have focused on possible relations between aging and male reproduction in the past few years [8, [27] [28] [29] [30] [31] [32] [33] . However, most of them either examined congenital malformations or chromosomal aberrations [8, 29] and sometimes the results were not clear [28, 29] . Levitas et al. [31] detected a statistically significant and inverse relationship between semen volume, sperm quality, and patient age, but the patients had a longer period of sexual abstinence before the testing. Some of these studies analyzed a fewer amount of patients [26, 30] and used other methods, for example the TUNEL assay, to assess the DFI [26] which targets apoptotic cells rather than DNA fragmented cells. In the latter study [26] , sperm concentration even improved with increasing age. On the other hand, Luetjens et al. [9] reported that men of advanced age still wanting to become fathers do not have a significantly higher risk of producing offsprings with chromosomal The results are presented as mean ± standard deviation *p<0.01, **p<0.02, the other parameters were not significantly different concerning the age of the patients abnormalities compared with younger men. ThiemannBoge et al. [33] found that the increased risk with paternal age to father a child with achondroplasia or Apert syndrome cannot be explained from the number of spermatozoa carrying the corresponding mutations. We analyzed the semen parameters and the DFI in 320 unselected patients and 84 normozoospermic controls. Our current findings suggest that neither the semen parameters measured by WHO guidelines [13] (concentration, motility, and morphology) nor the DFI degrades in aging men. This is also supported by the fact that the only parameter that was not significant after splitting the patients into a NORMO and an SF group was the age of the patients, whereas all the other parameters were statistically significant (p<0.000001). Furthermore there were only weak correlations between age and the analyzed parameters that did not reach statistical significance.
All in all, this topic needs additional investigation. For instance the different techniques to measure the DFI should be compared, to be able to make a clear statement on the advantages and disadvantages of these methods. We are currently planning these studies in our laboratory.
